a b s t r a c t
The excessive accumulation of specific cellular proteins or autophagic vacuoles (AVs) within neurons is a pathologic hallmark of neurodegenerative diseases. Constitutive autophagy in neurons prevents abnormal intracellular protein aggregation and is critical for maintaining cell survival. Since our previous study showed that Toll-interacting protein (Tollip)-deficient macrophages had constitutive disruption of endosome-lysosome fusion, we hypothesize that Tollip deficiency may also promote neuron death via blockage of autophagy completion. Indeed, we observed significantly higher levels of neuron death in the brain regions of cerebral cortex, hippocampus, and cerebellum from ApoE Our data suggest that Tollip may play a crucial role in sustaining neuron health by facilitating the completion of autophagy, and that Tollip-deficiency may accelerate neuron death related to neurological disease such as Alzheimer's disease. Ó 2016 Elsevier Inc. All rights reserved.
Introduction
Neurological disorders such as Alzheimer's disease have significant impacts on human health (Winblad et al., 2016) . Among probable causes, the defective clearance of cellular debris and/or aggregated proteins such as b-amyloid and a-synuclein may exacerbate neurodegeneration (Marsh and Blurton-Jones, 2012; Nilsson et al., 2013; Stefanis, 2012) . In neurons, there are two intracellular proteolytic pathways involved in clearing abnormal or obsolete cellular proteins, the ubiquitin-proteasome system (UPS) and the autophagic-lysosomal system (Boland et al., 2008) . With particular interest, autophagy has been recognized to play a critical role in removing aggregated proteins as well as damaged cellular organelles that are too large for ubiquitin-proteasome system mediated clearance (Rideout et al., 2004) . Thus, disruption of autophagy may closely correlate with the pathogenesis of neurodegenerative diseases (Alirezaei et al., 2010) .
Autophagy is a complex cellular process that involves the initiation, maturation, and completion (Boland et al., 2008; Klionsky et al., 2008) , and the proper degradation of the autophagic substrates is mediated by the fusion of autophagosome with degradative compartments of the endosomal-lysosomal system (Berg et al., 1998) . Basal autophagy in neurons assists the clearance of ubiquitinated proteins and damaged organelles such as mitochondria and is critical for maintaining healthy neuron survival (Hara et al., 2006; Komatsu et al., 2006 Abbreviations: ApoE, apolipoprotein E; Tollip, Toll-interacting protein; HFD, high fat diet; TEM, transmission electron microscopy; AVs, autophagic vacuoles.
